We present indications, that the wave function-stiffness condition during energy-relaxation as observed in single-phase state quantum systems manifests also in a single particle ensemble. This is demonstrated for exciton-polaritons in the strong coupling regime in a ZnO-based microcavity at T = 10 K for non-resonant excitation. It is well known that the pump-induced spatially inhomogeneous background potential leads to nearly equally spaced energy levels in the k -space distribution for propagating polariton Bose-Einstein condensates. Surprisingly this particular pattern is also observable for uncondensed exciton-polaritons.
I. INTRODUCTION
In microcavities (MCs) exciton-polaritons (polaritons) are composite particles with partly photonic and excitonic properties. Their bosonic character allows them to undergo the phase transition to a macroscopically coherent state known as a dynamic Bose-Einstein condensate (BEC) which was first experimentally shown in 2006 in CdTe-based MCs [1] at liquid helium temperatures. Since then BECs in MCs have evolved to be a model system for research in many topics of modern physics, like superfluidity [2] , vortex-generation [3] and ballistic transport phenomena [4] leading to novel devices like all-optical polariton switches [5] and transistors [6] . In this context often a varying background potential is used to accelerate the condensed particles. Relaxation processes connected to this background potential have been observed by several groups [4, [7] [8] [9] [10] . Wouters et al. [11] developed a description of the occuring phenomena in terms of energy conservation and scattering properties. In this work, we present experimental results suggesting that this model can also be applied to a certain extent to an ensemble of uncondensed polaritons.
II. EXPERIMENTAL METHODS
The investigated ZnO-based MC is the same as has been described in Ref. [10] . The MC contains a wedge-shaped cavity layer giving access to a wide range of detuning values ∆ between the uncoupled cavity-photon mode and the excitonic transition energy. We used a frequency tripled and modelocked Ti:Sa laser at a wavelength of 266 nm for non resonant excitation. The pulse width was 2 ps at a repetition rate of 76 MHz. The laser beam was focused on an area of about 5 µm 2 through an UV objective with a magnification of 50 and a numerical aperture (NA) of 0.4 corresponding to a detectable angular range of ±23
• . The detection of the light emitted from the sample was realized in a confocal configuration. The lens setup allows for the imaging of the momentum (k -) as well as of the real space. In order to investigate relaxation processes which take place in the region where the pump-induced background potential is strongly inhomogeneous, a pinhole (PH) was put in an intermediate image plane so that only the emission from the central excitation area of about 3 µm 2 was detected. If the PH is used the lower polariton branch (LPB) emission is spectrally 2 broadened and smeared out. This is caused by diffraction at the PH as follows from the Heisenberg principle: ∆x∆k ≥ 0.5. Furthermore the detectability of high-k || emission is suppressed as the cryostat window introduces spherical aberrations which strongly increase with the emission angle causing these rays to be blocked at the PH.
III. EXPERIMENTAL RESULTS AND DISCUSSION
The following results are taken from a sample position corresponding to ∆ = −30 meV (∼ 0.6× the coupling constant of V = 50 meV) at T = 10 K. Figure 1 shows the polariton emission below (a) and above (b) the condensation threshold without PH and includes the calculated dispersion relations of the uncoupled exciton (X) and cavity-photon mode (C) [12] .
In the uncondensed case the lower polariton branch (LPB) with a homogeneous broadening of γ uncond = (2.8 ± 0.2) meV is clearly visible without any recognizable further features.
Above the condensation threshold ( fluctuations due to the short Ti:Sa pump-laser pulses [13] . The homogeneous broadening of the condensate emission was determined via fitting Voigt-oscillators to PL spectra obtained from experiments [10, 14] with a diode laser with a pulse duration of 500 ps acting as quasi continuous excitation and yielding spectrally narrower condensate states. The lowest energy condensate state at 3.320 eV is excluded in Fig. 1 (c) because of its very strong inhomogeneous broadening. This is caused by the relatively long effective lifetime of this condensate state whose energy follows the decreasing background potential as time resolved measurements (not shown here) reveal.
Regarding the k -space pattern for increasing excitation power, the situation changes when only photons are detected which were emitted from the central excitation area where the pump-induced background potential is strongly inhomogeneous. This is shown in Fig. 2, where one can clearly see that in addition to the dominating LPB two further polariton branches become visible at higher energies even far below the condensation threshold. It is important to note that for increasing excitation density the distance in energy of ∆E r,uncond = (3.3 ± 0.1) meV between these additional branches stays constant as demonstrated more clearly by the k || = −2 µm −1 spectra in Figure 2 (b). As the excitation density increases the LPB branches are shifted towards higher energies caused by the repulsive Coloumb interaction between the polaritons according to their excitonic parts and the interaction with hot carriers [15] . One should be aware of the fact that these additional branches are not symmetrical to k || = 0 µm −1 because the irregular bar-like laser spot profile, a consequence of the birefringent frequency tripling crystals, destroys rotational symmetry, as shown in Fig. 3 (a) . At high excitation densities (10 P th in Fig. 2 (a) and 2 (b) ) the bare cavity-photon mode becomes visible as the particle density reaches the Mott transition.
This is accompanied by the disappearance of condensate emission. As mentioned above, at the condensation threshold new dispersionless states appear in the energy resolved k -space images being roughly equally spaced in energy. They belong to the coherent emission of condensates [16] being expelled from the central excitation area [4, 17] . The appearance of these states in the condensed phase has been observed also by other groups [4, [7] [8] [9] and was explained in [11, 17] as a consequence of the spatially inhomogeneous background potential induced by the optical pumping. The roughly equal energy distances between these states were attributed to the dynamical balance of in-and outscattering rates for bosonic states of different energy [11] :
Following the ansatz of Wouters et al. [11] the inscattering rate Γ in for a polaritonic (or bosonic) state is proportional to the energy distance to the initial state of the scattering process:
Here the scattering constant κ has a unit of an inverse action, for simplicity not being normalized to a unit density as in the original paper of Wouters et al. [17] . The outscattering rate Γ out of a state is limited by its radiative lifetime and is therefore assumed to be proportional to the homogeneous spectral broadening γ:
This means that for states with a doubled outscattering rate (∝ doubled spectral broadening) the energetical distance ∆E r to the next state has to be twice as high to reach a compensation of in-and outscattering rates, as can be seen from equations (1) and (2). Exactly this is the case in our sample when we compare the condensate emission with the emission from the uncondensed polariton ensemble. From our experimental results we can deduce the bosonic scattering constant to be κ = (0.8 ± 0.4) −1 . This result, namely that the spectral broadening of a condensate state is roughly the same as the energy spacing between relaxing condensate states was also observed in [4, 7, 8] . The consistent applicability of this simple model to both, the condensed and the uncondensed phase, leads to the conclusion that in a varying background potential discrete relaxation processes take place in both phases which can be described with one scattering constant κ being independent of the particle density within the observed range of more than two orders of magnitude.
The relaxation in the potential landscape is accompanied with an effective acceleration towards the peripheral region of the excitation spot where the local potential energy is smaller. To show this, we recorded the laser spot intensity distribution on and the emission of uncondensed polaritons from the sample surface (Fig. 3) . It can be clearly seen that the main emission of uncondensed polaritons is coming from the spatial region where the laser light intensity is smaller. Here the uncondensed polaritons could be trapped in the area of the first minimum of the excitation laser spot (see inset of Fig. 3 (b) ), providing another explanation for the appearance of the observed discrete polariton states, namely the quantization in a potential trap created by first diffraction minimum of the pump laser spot. But this seems not reasonable as both, the uncondensed and the condensed polaritons should feel more or less the same trapping potential resulting in equal energy spacings for the trapped uncondensed and condensed polaritons (∆E r,uncond ! = ∆E r,cond ), which is obviously not the case. 
IV. CONCLUSION
We have shown experimental results giving hints that the model [11] of relaxation processes describing condensed polaritons in a spatially varying potential landscape is also valid for the uncondensed phase. This assumption is supported by real and k -space images revealing discrete polariton energy levels of constant (energy-) spacing in k -space and an accumulation of polaritons in the peripheral region of the pump-induced potential hill shown by real space emission imaging. From our experimental results we could derive a value for the bosonic scattering constant in ZnO MC which is close to −1 .
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